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(57) Abstract 

Purpose: To provide a catadioptric optical system which requires moderate accuracy 
for assembling mirrors due to small aberration caused by eccentricity of the mirrors, 
and accordingly can obtain stable resolution of quarter micron units. 
Configuration : A catadioptric optical system is provided in which a first imaging 
optical system A is formed with an outward path optical system Ai through which 
light flux only outwardly penetrates from a first surface R, and an outward-inward 
optical system A2 including a concave mirror Mc and lens groups through which both 
incident light to the concave mirror Mc and reflective light penetrate, an intermediate 
image of the first surface R is formed by the first imaging optical system A, a first 
mirror Mi arranged in the vicinity of the intermediate image so as to lead the light 
flux from the first imaging optical system A to a second imaging optical system B, re- 
imaging of the intermediate image is formed on a second surface W by the second 
imaging optical system B, and a second mirror M2 and an aperture stop S are arranged 
in the second imaging optical system B. The catadioptric optical system is 
characterized in that the second mirror M2 and the aperture stop S are arranged so as 
to meet predetermined conditions. 



Scope of Patent Claims 
Claim 1 

A catadioptric optical system in which a first imaging optical system is formed 
with an outward path optical system through which light flux fi:om a first surface 
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penetrate only an outward path, and an outward-inward optical system including a 
concave mirror and lens groups through which both of incident light to the concave 
mirror and reflective light penetrate, an intermediate image of the first surface is 
formed by the first imaging optical system, a first mirror is arranged in the vicinity of 
the intermediate image so as to lead the light flux from the first imaging optical 
system to a second imaging optical system, re-imaging of the intermediate image is 
formed on a second surface by the second imaging optical system, and a second 
mirror and an aperture stop are arranged in the second imaging optical system; 
characterized in that it has the second mirror and the aperture stop arranged therein so 
as to meet at least one equation of the following Equation (1) and Equation (2). 

Li/L<0,l (1) 

L1/L2 < 0.2 (2) 

wherein, Li: a distance on an optical axis from the second mirror to the 
aperture stop; 

L is: a distance on an optical axis measured along an optical path from the first 
surface to the second surface; and 

L2 is: a distance on an optical axis measured along an optical path from the 
first mirror to the second surface. 
Claim 2 

A catadioptric optical system described in Claim 1 ; characterized in that it 
meets the following condition. 
|Li/fi|<1.5 (3) 

wherein, fi is: a synthetic focal length of a lens group arranged closer to the 
second surface than to the second mirror in the second imaging optical system. 

Claim 3 

A catadioptric optical system described in Claim 1 or Claim 2; characterized 
in that it meets the following condition. 
IPi|<0.2 (4) 

wherein, pi is: an imaging magnification of a lens group arranged closer to the 
second surface than to the second mirror in the second imaging optical system when 
the second mirror is an object point. 

Detailed Description of the Invention 
[0001] 

Technical Field to which the Invention Belongs 

The present invention relates to an optical system in a projection exposure 
apparatus used for manufacturing semiconductor devices or liquid crystal display 
devices and the like with a photolithographic processing. The invention specifically 
relates to a catadioptric optical system which has resolution of quarter micron units in 
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the ultraviolet wavelength region by using a reflective system as an element of the 

optical system. 

[0002] 

Problems to Be Solved by the Invention 

Catadioptric optical systems have been disclosed (Japanese Unexamined 
Patent Application Publication No. H4-234722 and U.S. Pat. No. 4,779,966) which 
have been developed to correct field curvature for a projection exposxire apparatus 
used in photolithography processing for manufacturing a semiconductor device or the 
like. In the catadioptric optical systems, a configuration has been proposed where an 
intermediate image of a first surface is formed by a first imaging optical system 
including a concave mirror, a mirror is arranged in the vicinity of the intermediate 
image so as to lead light flux firom the first imaging optical system to a second 
imaging optical system, and re-imaging of the intermediate image is formed on a 
second surface by the second imaging optical system. However, in the configuration, 
since only one mirror is used to bend the optical path, there are problems in that a 
reticle arranged in the first surface and a wafer arranged in the second surface are not 
parallel to each other, and synchronous scanning of the reticle and the wafer is 
difficult. For that reason, another catadioptric optical systems has been proposed with 
a configuration where a second mirror is arranged in the second imaging optical 
system so that the reticle and the wafer are parallel to each other. 
[0003] 

Nonetheless, when a mirror is used in a catadioptric optical system in general, 
there is a concern that a large aberration may occur by eccentricity tilt of the mirror. 
For that reason, in order to attain an image with stable resolution of quarter micron 
units, remarkably high accuracy is required in tolerance of the mirror assembly. 
Taking the point into consideration, the present invention aims to provide a 
catadioptric optical system which requires moderate accuracy for assembling mirrors 
due to small aberrations caused by eccentricity of the mirrors, and accordingly can 
obtain stable resolution of quarter micron units. 
[0004] 

Means to Solve Problems 

In order to solve the problem, in the catadioptric optical system according to 
the present invention a first imaging optical system is formed with an outward path 
optical system through which light flux fi-om a first surface penetrate only an outward 
path, and an outward-inward optical system including a concave mirror and lens 
groups through which both of incident light to the concave mirror and reflective light 
penetrate, an intermediate image of the first sxirface is formed by the first imaging 
opticzd system, a first mirror is arranged in the vicinity of the intermediate image so as 
to lead the light flux from the first imaging optical system to a second imaging optical 
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system, re-imaging of the intemiediate image is foraied on a second surface by the 
second imaging optical system, and a second mirror and an aperture stop are arranged 
in the second imaging optical system, when 

Li is: a distance on an optical axis from the second mirror to the aperture stop; 

L is: a distance on an optical axis measured along an optical path from the first 
surface to the second surface; and 

L2 is: a distance on an optical axis measured along an optical path from the 
first mirror to the second surface, 

the catadioptric optical system is characterized in that the second mirror and 
the aperture stop are arranged therein so as to meet at least one equation of the 
following Equation (1) and Equation (2). 

Li/L<0.1 (1) 

L1/L2 < 0.2 (2) 

[0005] 

With the above configuration, the second mirror is arranged close to the 
aperture stop of the second imaging optical system, and therefore, all light beams 
passing through the second mirror are relatively nearly parallel with the optical axis, 
and thus, eccentricity aberrations (coma aberrations, gistigmatism aberrations, and lens 
distortion aberrations) caused by eccentricity tilt of the second mirror reduces. 
Therefore, the tolerance of the eccentricity required for the second mirror becomes 
moderate. The Equations (1) and (2) shown above indicate the extent of the closeness 
between the second mirror and the aperture stop, and thus, when any one of the 
Equations (1) and (2) is not satisfied, the eccentricity aberration caused by the 
eccentricity tilt of the second mirror easily becomes large, and accordingly, the 
tolerance of the eccentricity required for the second mirror becomes remarkably strict. 
[0006] 

In the present invention, when 

fi is: the synthetic focal length of the lens group arranged closer to the second 
surface side than to the second mirror in the second imaging optical system, it is 
preferable that the following condition is satisfied; 

|Li/fi|<L5 (3). 

Since fi becomes large to some extent in proportion to Li by satisfying the conditional 
Equation (3), the aberration amount of the second imaging optical system decreases. 
On the contrary, when the conditional Equation is not satisfied, fi becomes small, and 
accordingly, correction of aberration in the second imaging optical system becomes 
difficult. 
[0007] 

Furthermore, in the present invention, when 



Japanese Unexamined Patent Application Publication No, HI 0-20 195(5) 



Pi is: imaging magnification of the lens group arranged closer to the second 
surface side than to the second mirror in the second imaging optical system when the 
second mirror is the object point, it is preferable that the following condition is 
satisfied; 

iPi|<0.2 (4) 

The conditional Equation (4) is a condition for reducing the inclination between each 
light beam at the position of the second mirror. If the conditional Equation is not 
satisfied, each light beam is inclined to each other at the position of the second mirror 
by being largely shifted from the parallel state to each other, and accordingly, uneven 
reflectance occurring in the second mirror between the light beams becomes 
significant. 
[0008] 

Embodiments of the Invention 

Embodiments of the present invention will be described with reference to the 
drawings. Fig. 1 and Fig. 3 each show catadioptric optical systems according to a first 
and a second embodiment of the present invention. The optical system of both 
embodiments are configured such that the present invention is applied to a projection 
optical system where a circuit pattern on a reticle R is reduced and transferred onto a 
semiconductor wafer W. The projection optical system includes a first imaging 
optical system A where an intermediate image of a pattern drawn in the reticle R is 
formed, a first mirror Mi arranged in the vicinity of the intermediate image, and a 
second imaging optical system B where re-imaging of the intermediate image is 
formed on the wafer W. The first imaging optical system A includes an outward path 
optical system Ai through which light flux from the reticle R penetrates only for an 
outward path, and an outward-inward optical system A2 through which light flux from 
the outward path optical system Ai penetrates outward and inward. The outward- 
inward optical system A2 is provided with a concave mirror Mc so as to reflect the 
light flux from the outward path optical system Ai, such that a lens closest to the 
concave mirror Mc is a concave lens. Light flux penetrating the inward path of the 
outward-inward optical system A2 is led to the second imaging optical system B by 
the first mirror Mi. An aperture stop S is arranged in the second imaging optical 
system B, and a second mirror M2 is arranged in the front side of the aperture stop S. 
The exposure range of the catadioptric optical system forms a slit shape or a circular 
arc shape without including the optical axis, and the catadioptric optical system is 
configured to obtain a wide exposure range by performing synchronous scanning for 
the reticle R and the wafer W. 
[0009] 

Tables 1 and 2 given below show specifications of optical members in the first 
and second embodiments. In the Tables, the first colunan lists numbers of each optical 
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surface from the reticle R, the second column labeled "r" lists curvature radii 
corresponding to each optical surface, the third colunm labeled "d" lists intervals 
between each optical surface, the fourth column lists each lens material, and the fifth 
column lists the group numbers of each optical member. In the fifth column, a 
mark indicates a inward path. In addition, a refractive index n for the standard of used 
wavelength (193 run) of a synthetic quarts (SiOi) and fluorite (CaF2) are as follows. 

SiO2:n=1.56019 

CaFi: n=l. 50138 

Furthermore, Table 3 below contains values of Li, L, L2, and fi, and values of 
parameters in each of the conditional Equations mentioned above for both 
embodiments. In addition, Fig. 2 and Fig. 4 show lateral aberrations of the first and 
second embodiments. In the lateral aberration drawings, Y indicates an image height. 
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[0013] 

In the first embodiment as shown above, the second mirror M2 is placed at a 
position of 205.6 fi-om the aperture stop S, and in the second embodiment, the second 
mirror M2 is placed at a position of 230 firom the aperture stop S. As a result, coma 
aberrations, astigmatism aberrations, and distortion aberrations due to the eccentricity 
are small, and thus, a catadioptric optical system which is stable in resolution of 
quarter micron imits can be obtained. In addition, uneven reflectance caused by the 
second mirror M2 can be reduced. Furthermore, in both of the embodiments, the 
second mirror M2 is arranged in the front side of the aperture stop S, but may be 
arranged in the rear side of the aperture stop S as long as each conditional Equations 
is in the range of satisfaction. 
[0014] 

Effects of the Invention 

In the catadioptric optical system according to the present invention as 
described above, since the second mirror is arranged close to the aperture stop in the 
second imaging optical system, it is possible to make aberration caused by 
eccentricity small, and reduce uneven reflectance caused by the second mirror. 

Brief Description of the Drawings 



Japanese Unexamined Patent Application Publication No. HI 0-20 195(10) 



Fig. 1 

Fig. 1 is a structural diagram according to a first embodiment. 

Fig^ 

Fig. 2 is a lateral aberration diagram according to the first embodiment. 

Fig. 3 

Fig. 3 is a structural diagram according to a second embodiment. 

Fig . 4 

Fig. 4 is a lateral aberration diagram according to the second embodiment. 
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